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Abstract: Cork oaks are considered keystone structures in the ecosystem of the stabilised sands of the 
Doñana National Park. These remnant big trees are threatened by nesting of colonial waterbirds 
(whose debris induce deep soil chemical changes) and by two pathogenic oomycetes, Phytophthora 
cinnamomi and Pythium spiculum. We analyzed the distribution of seven oomycete species in soils 
along a bird influence gradient. Canonical analysis revealed a significant relationship between the 
composition of the oomycete community and soil chemical variables closely related to bird debris 
accumulation (soil N and P contents). Some Pythium spp. were able to live in heavily fertilized soils, 
while pathogenic species did not thrive in that soils. A separate analysis showed that the presence and 
abundance of P. cinnamomi and P. spiculum in the rizosphere was significantly lower in trees with 
moderate or high bird influence. We concluded that 1) natural fertilization by bird faeces induced soil 
changes affecting pathogenic oomycetes behaviour; 2) as long as these bird-induced soil changes were 
no too extreme to cause dieback by themselves, they could prevent the spread and tree decline events 
caused by soil pathogens. 
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Introduction 
 
Doñana (SW Spain) is one of the main European protected areas for waterbirds. It was 
protected under a Biological Reserve order and declared National Park (1969), Biosphere 
Reserve (1981) and World Heritage site (1994). Cork oak (Quercus suber L.) is a main tree 
species in the stabilized sands of Doñana. Massive cuts and exploitation along the two past 
centuries led to a drastic decline of their populations until only a few hundred of big 
centenarian individuals now survive (Granados, 1988). At present, natural regeneration of 
cork oaks is virtually nonexistent because of the intense herbivorous feeding (Herrera, 1995). 
Moreover, the repeated oak occupation for wading birds to nest, seem to adversely affect their 
health status by deeply altering soil chemistry through guano deposition. Increased levels of 
ornithogenic salts (nitrates, phosphates) were related to augmented stress symptoms and 
increased crown defoliation (García et al., 2011). In addition, cork oak populations located 
out of the Park or those growing in rangelands at the province of Huelva, are severely affected 
by decline caused by the root rot oomycetes P. cinnamomi and Py. spiculum (Romero et al., 
2007). Several foci of both pathogens were located in 2008 at Doñana and some sudden death 
episodes of infected trees have been detected since 2009.  
The aim of this study is to investigate whether the fertilization induced by nesting birds 
may condition the distribution of oomycetes, including the two pathogenic species. 
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Material and methods 
 
Along the autumn and winter 2008-2011, we sampled 45 cork oaks, all but five of centenarian 
age. Two different data sets were gathered: On the 2008 early wet season (October-
November), we sampled soil (5-25cm in depth) and feeder roots under the canopy of 21 
centenarian cork oaks in order to evaluate the presence and distribution of oomycete species 
along a bird induced soil fertility gradient. On 2009 to 2011 wet seasons, we sampled 
rhizosphere soil specifically to evaluate the presence and abundance of the two main 
indentified pathogens (P. cinnamomi, Py. spiculum) under 40 trees. About half of them had 
previously been sampled on 2008. 
 
Bird influence 
Two kinds of data of bird influence were used for the study: nesting frequency (% years with 
nests along the preceding 24 years) and bird occupation (mean number of nests supported in 
the preceding 16 years). We considered a negligible bird occupation when < 2 and significant 
when  two nests. 
 
Soil & root analyses 
In the 2008 survey, soil and root samples were obtained following the methodology described 
in Sanchez et al. (2002) using Cork oak leaves as biological baits and NARPH as selective 
medium (Romero et al., 2007). In the 2009 and 2010-11 surveys, soil samples were analysed  
and results were expressed as colony forming units per gram of dry soil (cfu g-1; Romero et 
al., 2007). As the soil samples were previously dried, it was assumed that each colony 
obtained resulted from the germination of, at least, one resistant spore. In both surveys soil 
subsamples were analyzed for total N (Kjeldahl) and P (acid digestion and ICP-OES).  
 
Identification of the isolates 
Morphological identification of isolates from roots and soil was carried out according with 
Van der Plaats-Niterink (1981), Erwin & Ribeiro (1995) and Paul et al. (2006). Additionally, 
specific identification was confirmed by ITS regions sequences and comparison with 
published sequences (GenBank) of both pathogens.  
 
Data analysis 
For multivariate relationships between the distribution of the oomycetes and the soil and bird 
influence variables measured in the 2008 dataset, we performed a canonical correspondence 
analysis (CCA), using the CANOCO software. We also analysed how oomycete abundance 
varied along the ordination axes and the most relevant environmental variables, fitting 
generalized linear models (GLM) using the CanoDraw program. We assumed a Poisson 
distribution, log-link option. Colony counts of P. cinnamomi and Py. spiculum from the 2009 
and 2010-11 surveys were related to the bird influence by using a GLM based ANOVA, 
assuming a Poisson distribution of the dependent variable and a log-link. Significance was 
fixed at the 0.05 level 
 
 
Results 
 
Environmental ranges and oomycete isolation 
The studied trees spanned in a wide range of bird influence and soil fertility, in fact bird 
occupation is a good surrogate for soil fertility, particularly for P (r=0.81, p<0.00002). Seven 
different oomycete species were detected in the 2008 survey and identified as Pythium 
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debaryanum, Py. irregulare, Py. spiculum, Py. tracheiphillum, Py. vexans, Py. salinum and 
Phytophthora cinnamomi. 
 
Oomycete distribution along bird induced gradients 
CCA analysis for the five well represented oomycete species identified only a main 
significant underlying gradient able to explain 27% of the variance. Only one variable 
(Nesting frequency) was added to the selected model. The remaining variables –although 
significant when tested separately- did not added genuine information to the model because 
they were all closely related to nesting frequency (Pearson correlation from 0.78 to 0.82). 
 
 
 
Figure 1. Distribution of oomycetes 
abundance along the bird influence 
gradient. Variables are represented 
by arrows whose projection on the 
axis indicates its correlation with it. 
 
 
 
 
  
 
Figure 2. Modelled response to bird 
occupation levels for five Pythium spp. 
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As shown in Fig. 1, some species thrives on fertilized soils while others prefer soil with 
low fertility levels. Fig. 2 shows the modelled response for each species along the bird 
gradient. Three different responses to the gradient were detected: no significant (Py.vex, 
p=0.33 and Py.irr, p=0.37), significant positive (Py.deb, p=0.016, and Py.tra, p=0.000011) 
and significant negative (Py.spi, p=0.000682). A similar response (not showed) was obtained 
for the measured soil variables (N and P).  
 
Bird influence and pathogen response  
Fig. 3 shows the average colony counts of the two pathogens measured in sites with negligible 
or significant bird influence. Although the average abundance of P. cinnamomi was ten times 
higher in fertilized than in non-fertilized sites, the high (and unequal) dispersion of the data 
made the significance much lower (p=0.045) than the obtained for P. spiculum (p<0.00001) 
despite the average colony count was only two times higher in non-fertilized sites. 
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Figure 3. Response of Py. spiculum and P. cinnamomi to contrasted bird influence levels. 
 
 
Discussion 
 
Bird induced changes of soil fertility significantly affect the composition of the oomycete 
rhizosphere community. When the bird influence is excessive, soils become salinized and 
hyperfertilized and both tree health (García et al., 2011) and pathogen oomycetes may be 
affected. Nevertheless we have found consistent evidence of change in the oomycete 
community composition even at moderate levels of bird fertilization. Unlike several non-
pathogenic oomycetes, both P. cinnamomi and P. spiculum seem to quickly decline even at 
moderate levels of bird fertilisation. This result are consistent with those of Aryantha et al. 
(2000), which demonstrated that among different animal manures tested against  
P. cinnamomi, only fresh chicken manure significantly reduced pathogen survival in the soil. 
These results highlight the existence of superimposed counteracting effects whose 
relative importance may ultimately determine the fate of relevant ecosystem components. As 
long as bird-induced moderate fertilization could prevent pathogen proliferation, it could help 
for survival of trees. Strong fertilization seems to be harmful for both oaks and soil pathogens. 
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